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Abstract 
This paper describes the reach done in the Dutch CAPTECH programme. The research aims to reduce the CO2 capture cost with 50%. In order 
to achieve this, a wide portfolio of future technologies is being investigated. 
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1. Introduction 
In the CAPTECH (CAPture TECHnology) research programme, seven Dutch consortium partners work on CO2 capture 
technology. The consortium aims to qualify capture technologies that will reduce power plant efficiency by less than 5 
percentage points, resulting in a 50% cost reduction compared to the technology available in 2005. CAPTECH is a 5 years 
programme. Consortium consists of ECN (coordinator), Shell, Procede, KEMA, Utrecht University, UCE and TNO Science and 
industry.  
 
The CAPTECH programme is strongly linked with the Dutch CATO programme. CATO also covers important research 
topics that are relevant to complete CCS chain, such as the available storage capacity, monitoring of stored CO2, and public 
perception. Information on these topics is published on the CATO website and in booklets. CAPTECH and CATO are financially 
supported by the Dutch Ministry of Economic Affairs under the EOS and BSIK programmes, respectively. The CAPTECH 
programme is also linked to several European projects like the EU FP6 project CACHET and the FP7 project CAESAR.  
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2. Detailed work description of the CAPTECH programme 
The CAPTECH programme consists of six sub-projects, resulting in a broad research portfolio. In table 1 an overview is 
given.  
 





SP1 New low-temperature polymer CO2 membranes for partial CO2 removal from flue gases KEMA, ECN 
SP2 New advanced chemical and hybrid solvents and solvent processes with low regeneration energy 
consumption for post- and pre-combustion CO2 capture 
Shell, Procede, TNO 
SP3 Novel air separation technologies for oxy fuel Zero-emission power plants ECN, KEMA 
SP4 Sorption-enhanced water-gas shift and membrane reactors for IGCC  KEMA, ECN 
SP5 Integration of CO2 capture in power stations, technical and economic evaluation and infrastructure 
aspects 
KEMA, ECN, Shell, 
Procede, Utrecht Univ. 
SP6 Dissemination and co-ordination with CATO programme UCE, ECN 
2.1. Subproject 1: New low-temperature polymer CO2 membranes for partial CO2 post combustion removal from flue gases  
The use of polymer membranes to capture and concentrate CO2 from the flue gases of power plants has been identified as a 
promising option to reduce capture costs and efficiency penalty, by reducing the energy demand in the regeneration of 
absorbents.  
 
The objective of this Subproject is to transfer the findings on PE-membranes for simultaneous separation of CO2 and H2O 
from flue gas of the FP6 IP NanoGLOWA -project (Coordinator KEMA) to the Dutch power plant operators and industry. 
Research focuses on Membrane Performance Diagnostics Development as well as development of a reliable membrane module 
for application in existing and new plants including shut off and monitoring equipment. The membranes were tested under 
several gas conditions. Serious ageing occurred for some type of membranes. Especially PEBAX can not withstand condensing 
conditions. Fouling experiments in the power plant showed serious fouling but also the possibility to clean in place (CIP) with 
water. Experiments were repeated under simulated flue gas conditions at KEMA to be able to asses in detail the effect of the 
fouling on the membranes. The key sensitivity factors for the membrane proved to be humidity and in specific condensing 
conditions. The diagnostics system, designed and build in first two years 2, shows that it is possible to monitor membranes under 
laboratory conditions.  
 
 
Figure 1: Selective membrane module (KEMA). 
 
2.2. Subproject 2: Advanced post combustion solvents (Post combustion) 
This subproject aims at developing novel solvents that will have higher capacities and are easier to regenerate. CO2 capture 
technologies based on these novel solvents will improve efficiency, because less energy is needed to regenerate the solvents. 
Higher CO2 capacities may lead to lower costs for solvents and smaller equipment. The main partners for this work are Shell, 
Procede and TNO. Shell and Procede are mainly involved in the development of new solvents for post combustion whereas TNO 
is concentrating on novel processes for post combustion and high pressure membrane gas desorption process for solvent 
regeneration.  
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The effect of addition of additives to two different classes of conventional gas treating solvents has been studied in a stirred 
cell. The influence of these additions on the kinetics and thermodynamics of the solvent – CO2 system have been studied 
experimentally. From these experimental studies it could be concluded that significant improvements in solvent performance 
could be reached from these new formulations. Both the performance in the absorber and the desorber could be increased with 
these new solvent formulations. At the moment a patent is written about one of these solvent formulations Development of 
advanced absorption solvents and processes simulator called Pro2Sim is forthcoming. Pro2Sim is developed based on a 
sophisticated and accurate simulator that supports both ideal and non-ideal thermodynamics and both, equilibrium based and rate 
based column models. The simulator will support many unit operations (absorbers, strippers, flash drums, heat exchangers, 
pumps, compressors, etc.). 
 
 
Figure 2: Screen dump of computer model Pro2Sim (Procede). 
 
In the first CAPTECH year a bench scale unit ASAP (Amine screening Apparatus) has been build at Shell. The objective of 
the unit is to benchmark new solvents in terms of CO2 recovery and energy efficiency at various process conditions. The ASAP 
unit mainly consists of two columns, i.e. an absorber and a regenerator. The feed gas contacts counter-currently with the solvent 
in the absorber, through which the sour components (e.g. CO2, H2S, etc.) are transferred into the solvent by absorption and the 
solvent is turned from lean into rich. The rich solvent is then routed to the regenerator and turned back into a lean solvent by 
heating-up and steam stripping. The recovered pure sour gas is recovered from the top of the regenerator. The lean solvent from 
the regenerator bottom is returned back to the absorber for the next absorption cycle.  
 
After the ASAP unit was built up, a series of tests with traditional solvents 
were carried out in the unit. These tests proved that the ASAP unit is very useful 
and reliable to be used to benchmark solvents in terms of energy consumption per 
kilo CO2, CO2 recovery, as well as other challenges, e.g. corrosion, blockage from 
solid formation, foaming, degradation, optimal operation etc. It is a necessary step 
before solvent can be tested at a bigger scale. 
 
At TNO two different systems have been tested, amine based solvents and 
mixtures of aqueous MEA and an organic solvent. Solubility data has been 
measured as a function of the CO2 partial pressure. For a number of solvents the 
sorption isotherms have been obtained for two different temperatures. In general, 
for the amine based systems an increase in the number of NH2 groups or in the 
number of OH groups will lead to an increase in the solubility of CO2. For the 
aqueous amine solutions, addition of an organic solvent, including different 






Figure 3: Amine screening Apparatus (Shell) 
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2.3. Subproject 3: ZEPP Oxy fuel 
Oxygen Transport membranes (OTM) or mixed conducting membranes (MCM) are a promising method for oxygen 
production. For the natural gas fuelled systems i.e. CO2 free electricity production in gas turbine cycles and (hybrid) SOFC 
systems, this development is focusing in a proof of concept at a 10 to 20 kWe scale by the end of 2010. The uniqueness of these 
application is that the permeate side is under reducing conditions and a catalyst is applied for combustion of natural gas (gas 
turbine application) or hydrogen (SOFC application). It builds on the large body of technological knowledge of ECN in the field 
of Solid Oxide Fuel Cells. The activities in this subproject are carried out by ECN and KEMA  
 
The verification of the claims of the ZEPP oxy fuel concept has been carried out. The model, based on a gas turbine (GE 9FB) 
integrated with the conduction membrane reactor, showed that the energy penalty at a 100% CO2 capture rate is 9.2%-point. 
However if the capture ratio is reduced to 76% the energy penalty decreases dramatically to only 1 %-point.  
 
Materials testing on Sr0.97Ce0.03Fe0.08Co0.2O3-G (SCFC) and LaNi0.9Co0.1O4+G (LNC) flat plate membranes (supported, unsupported, 
activated etc) with and without catalyst, has been finished. The present results indicate that Sr0.97Ce0.03Fe0.08Co0.2O3-G is the 
material to continue with. It has the highest constant flux, does not contain the carcinogenic NiO and there is hardly any 
difference with or without catalyst. The newly designed copper based compression seals have been proven to perform well as a 




Figure 4: Patented ECN compression seal 
 
The basic ingredients for the full-scale module design, the possible system configurations and the status of membrane 
materials with respect to flux and stability, have been compiled. The full scale module design is available for the SOFC post-
combustion case as far as the membrane geometry, packing in a module and manifolding are concerned. This SOFC post-
combustion case is the first selected application for the membrane and system development in this SP3. This application poses 
intermediate demands on the reduction stability of the membrane materials.  
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2.4. Subproject 4: IGCC SEWGS and WGS Membrane reactor  
Combination of IGCC with pre combustion CO2 capture with currently available technology has as a disadvantage that the gas 
has to be cooled for CO2 capture and subsequently re-heated before entering the gas turbine. This leads to considerable efficiency 
losses. The technologies to be developed in this subproject are aimed at CO2 capture at high temperature (300 - 500°C) and the 
combination of CO2 capture with the water-gas shift reaction. This is expected to improve cost efficiency and reduced the 
efficiency losses.  
 
ECN and KEMA work together in the development of new separation enhanced water gas shift (SEWGS) technologies for 
CO2 capture in IGCC power plants. Starting point here are the two technologies under development for natural gas i.e. hydrogen-
selective membrane reactor for the water gas shift reaction (membrane-WGS) and the SEWGS process.  
 
Catalyst screening for clean-SEWGS conditions at low pressure at ECN has been finished. Different commercial noble-metal 
and base-metal catalysts have been subjected to a-typical WGS conditions representing SEWGS operation. At 1 bar pressure, no 
severe catalyst degradation due to periodic excursions to the a-typical conditions was observed for all catalysts investigated. 
Additionally, excursions to low steam/CO ratios did not influence catalyst performance. Only the in-house developed Ni-
hydrotalcite catalyst displayed severe methanation activity following exposure to a-typical conditions. The next step will be to 
test at high pressures. 
 
Aspen simulations indicate that, in terms of efficiencies and carbon capture, the membrane-based separation enhanced WGS 
technology is slightly more efficient compared to the sorbent-based technology i.e., a capture penalty of 6.8 %pt versus 7.9 %pt. 
The higher efficiency penalty for the sorbent-based technology mainly results from the steam consumption associated with the 
sorbent regeneration. Also, sour shift is slightly preferred over the clean shift case. The various IGCC-technologies are evaluated 
in terms of specification of the syngas compositions.  
2.5. Subproject 5: Integration and assessments 
The consequences for the integration of CO2-capture technologies around 2015 in existing coal fired power stations in the 
Netherlands have been evaluated. First an inventory regarding solvent absorption technologies available on a commercial scale 
has been prepared. The best available option from this inventory a CO2-capture plant i.e. Econamine FG Plus process has been 
selected. Based on this design a set of data such as dimensions, temperatures, cooling requirements, steam requirements, amounts 
of solvent and water requirements have been calculated. The main conclusion is that retrofitting an existing coal fired power 
plants in the Netherlands with the Econamine FG Plus process will lead to an energy penalty of 12-16%-point, resulting in a nett 
efficiency of 25 to 30% (LHV).  
 
A comparable evaluation has been done for new units that will be designed for maximum co-firing and in operation around 
2020. As reference a 800 MW Ultra Supercritical Critical Coal Power Plant with additional flue gas cleaning has been chosen. 
For the absorption technologies the latest developments are taken into consideration, even in case when these developments are 
not commercially available at this moment. The solvents considered are Econamine FG Plus and MHI KS-1 solvents. The results 
show a lower energy penalty of 9-10%-point. The net efficiency of the reference power plant decrease with CO2 capture from 
45,7% to about 36% (LHV ). 
 
Flexible power plant concepts (PhD thesis) 
This sub-project, done by a PhD student at Utrecht University, is investigating the techno economic performance of multi 
feedstock (e.g. natural gas, coal and biomass), multi product (e.g. electricity, H2 fuel and chemicals) chemical plants with CO2 
capture. The high feedstock flexibility and the diversity of the products enable the chemical plant to adjust rapidly to market 
fluctuations, maximizing its profitability. 
 
CO2 capture form smaller scale energy conversion systems (PhD thesis) 
Another PhD student at Utrecht University is determining the future prospects of capturing CO2 from smaller emission 
sources in the period up to 2030. The aim is to find cost effective CO2 capture options by studying advanced small scale CO2 
capture technologies (e.g. solid oxide fuel cells and membrane reactors) and small scale emission sources with conditions 
suitable for CO2 capture. This project is also investigating cost effective CO2 transport for small to medium emission sources, 
which is considered one of the bottlenecks for small scale CCS. Preliminary results indicate that CO2 can be captured 
economically from industrial combined heat and power plants as small as 100 MWe that are operated under part load conditions. 
These costs are comparable to CO2 capture costs for 400 MWe natural gas fired power plants. 
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3. Conclusion 
The CAPTECH programme has identified several interesting possibilities to reduce the energy penalty and the cost of CO2 
capture significantly. However still a lot of research needs to be done before these technologies will be ready to implement on 
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